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(54) Transalkylation of polyalkylaromatic hydrocarbons 

(57) A process for trggsajkyteting polyalk yjbgn- 
zenes such as diethylbenzenes produced during the 
alkylatton of an aromatic hydrocarbon with an olefin 
using a catalyst with improved transalkylation activity is 
disclosed. The process comprises supplying a feed- 
stock containing benzene and recycled polyalkylben- 
zenes into a reaction zone with an alkylating agent in a 
molar ratio of benzene to alkylating agent of from about 
2:1 to about 20:1 and into contact with an alumin osilj- 
cate alkvlation Qgrterfvsthaving an average crystal size of , 
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je ss than aboutiQ.SQ iim lan d wherein about 90% of the 
crystals have aVaj Jiclej flze of less than 0.70 ym. The 
catalyst is characterized by an Si/AI atomic ratio in the 
range from between 50 and 150 and a maximum pore-*^- 
size in the range from about 1000 toJ.800«A. The cata- 
lyst has a sodium content of less than about 50 ppm and 
the reaction is carried out under conversion conditions 
including a temperature of from about 250°C. to about 
500°C. and a pressure of from about 200 psi to about 
500 psi. 



icro 



< 

oo 
o 

CO 

CO 
CO 
h- 

o 

CL 

LU 

Printed by Rank Xerox (UK) Business Services 
\ 2.13.5/34 
I 

\ 



EP0 733 608A1 

Description 
TECHNICAL FIELD 

5 The present invention relates to a process for transalkylating potyalkylbenzenes such as diethylbenzenes prod uced 
durin gthe alkylation of an aromatic hydrocarbon with an olefin using a catalyst with improved transalkylation ac tivity. 

BACKGROUND OF THE INVENTION 

10 Ethylbenzene is used primarily for the production of styrene monomer obtained through dehydrogenation. Cur- 
rently, much of the ethylbenzene produced is obtained by alkylation of benzene with ethylene under a variety of alkyla- 
tion conditions. One type of alkylation process involves vapor phase reactions in which hgrgene j R aityatgd with an 
olefin such as ethylene under high temperatures and pressures over a zeolite catalyst in a multiple bed reacto r. 

A significant problem in the production of ethylbenzene by alkylation of benzene with ethylene under high temper- 

15 atures and pressures is the production of undesired byproducts, including polyalkylbenzenes such as polyethylben- 
zenes (P EB's). Although the production of PEB's may be limited to some extent by supplying a stoichiometric excess of J 
benzene to the reactor, significant quantities of these materials are nevertheless generated during the alkylation proc- 
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DETAILED DESCRIPTION 

The process of the present invention can be carried out using a variety of process equipment, including a reactor 
vessel which defines a reaction zone containing catalyst material. Either single or multiple catalyst beds can be 



In conventional^ gpor phase alkylation of benzene with ethylene^ the reactor effluent is subjected to successive! 
20 fractionations to separate benzene, ethylbenzene, PEB's and heavy residues into separate streams. The PEB stream J 
- r may be di rected to a separate transalkylation rea cto r or recycled to t h e alkylation react or^ • J 

" Tnffiecase where the PEB stream is recycled to the alkylation reactor, the recycled PEB stream can constitute up 
to ten percent of the total feed to the alkylation reactor. Consequently, if the transalkylation activity of the catalyst is not 
sufficient to control the concentration of PEB's in the alkylation reactor effluent, the volume of recycled PEB's will 
25 increase and eventually become to targe to manage within process capacity. Therefore, it is important that the catalyst I 
used in the alkylation of benzene with ethylene in a process with PEB recycle to the alkylation reactor have sufficient I 
transalkylation activity to convert recycled polyalkylbenzenes at a rate sufficient to maintain the volume of the recycled \ 
polyalkylbenzenes stream at a level within process capacity. 

In connection with the foregoing, it has been discovered that the use of an aluminosilicate alkylation catalyst havin g 
30 a crystal size within a specified range results in increased transalkylation activity, allowing for greater control of the vol- 
ume gf_rec ycled alkylbenzenes in the proces s. 

SUMMARY OF THE INVENTION 

35 The present invention provides a method for transalkylating polyalkylbenzenes that is particularly useful in an 
alkylation process in which benzene is reacted with ethylene to produce ethylbenzene under reaction conditions. The 
use of process of the present invention provides greater control of the amount of polyalkylbenzenes recycled in such a 
process, resulting in increased capability to maintain an acceptable level of recycled polyalkylbenzenes. The process 
comprises supplying a feedstock containing benzene and recycled polyalkylbenzenes into a reaction zone wit h an 

40 alkylating agent in a molar ratio of benzene to alkylating agent of from about 2:1 to about 20:1 and into contact with an 
, alyrninosNic^te alkylation catalyst having an average crystal size of less than abouULSQjinLf 0 * 50 microns). In one 
embodiment of the present invention, about 90% of the crystals have a particle size of less than 0.70 \itr\. The catalyst 
is further characteriz e d by an Sj/AI atomic ratio in the range from between 50 and 500, a maximum pore size in th e 
range from about jjt joo to 180o£ )The catalyst has a sodium content of less than about 50 ppm and the reaction is car- 

45 ried out under conversion conditions including a temperature of from about 250°C. to about 500°C. and a pressure of 
from about 200 psi to about 500 psi. An effluent stream containing ethylbenzene is recovered from the reaction zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so FIGURE 1 is a schematic illustration of process of the present invention; 

FIGURE 2 is a graphical illustration of the size distribution of the crystal size of the catalyst used in the practice of 
the present invention; and 

FIGU RE 3 is a graphical illustration of the distribution of pore sizes of the catalyst used in the practice of the present 
invention. 
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employed in the reaction zone. The ethylene and benzene reactants may be mixed and preheated prior to introduction 
to the reaction zone whim may consist of one or more catalyst beds where the reactants contact the catalyst under 
reaction conditions. The reaction products are withdrawn from the reaction zone after a controlled residence time and 
the reaction products are collected and separated by conventional techniques. Excess benzene along with polyalkyl- 

5 benzenes are typically recycled to the reaction zone. 

Turning now to FIGURE 1, one embodiment of the process of the present invention is schematically illustrated. A 
feed stream 8 containing benzene and an alkylating agent such as ethylene is injected into a multiple bed alkylation 
reactor 10 where the reactants are brought into contact with a catalyst in catalyst zones 1 2. Since the alkylation reaction 
is highly exothermic, the reactants may be injected at multiple locations in the reactor for process control purposes. An 

10 effluent stream 14 from the reactor 10 is directed to one or more benzene fractionating columns 16 where benzene is 
separated from the reactor effluent. The overhead stream 18 from the benzene fractionating column is recycled to the 
feed stream 8 to the alkylation reactor 10. The bottom stream 20 from the benzene fractionating column 16 is directed 
to an ethylbenzene fractionating column 22 where an ethytbenzene product stream 24 is separated and recovered. The 
bottom stream 26 from the ethylbenzene fractionating column 22 is directed to a third fractionating 28 column where an 

15 overhead stream 30, containing P EB's is separated and recy cled to the alkylation reactor 10. Higher boiling point resid- 
ual materials are recovered as the bottom stream 32 from the third fractionating column 28. In addition to PEB's, the 
overhead stream 30 may contain varying amounts of lower boiling point compounds such as xylenes, styrene, cumene, 
and propyl benze ne. 

The catalyst used in the process of the present invention is selective to the production of ethylbenzene in a temper- 

20 ature range of from about 250°C. to about 500°C . and a pressure range of from about 200 psi to about 50Q_psi. The 
catalyst is an Qluminosilirate jggwger with a crystalline structure that is primarily monoclinic aluminreil icatajtut which 
may contain up to about 40% orthorombic crystalline struc ture. In one embodiment of the present invention, the catalyst 
contains about 20% by w e ight of an alumina bind er. Importantly, the catalyst has sufficient transalkylation activity to 
convert an amount of the recycled polyalkylbenzenes sufficient to maintain the volume of the recycled polyalkylbenzene 

25 stream at a level within conventional process capabilities. ■ *~ 

The Si/AI atomic ratio of the catalyst is preferably in the range of from about 50 to about 50 0, more preferably in the 
range of from about 50 to 150 and even more preferably in the range of from about 70 to about 130. As used herein the 
Si/AI ratio refers to the atomic ratio of silicon to aluminum in the catalyst to the exclusion of the binder. 

The improvement in transalkylation control of the process of the present invention is attributed to the use of an alu- 

30 mjngsjljcate catalyst having a crystal size less than about 0.50 fim (0.50 micr ons). In addition to the small crystal size 
of the catalyst, the distribution of particle sizes of the crystals is also narrow. As illustrated in FIGURE 2, the average 
crystal size of the catalyst is less than about 0.50 \im (0.50 microns ), with approximately 90% of the crystals having a 
particle size of less than 0.70 urn. Catalysts with average crystal sizes exceeding the specified maximum average par- 
ticle size of about 0.50 \im have proven to have lover transalkylation activity and therefore afford less control of the vol- 

35 ume of polyalkylbenzenes recycled in the process. 

The pore size of the catalyst is also noteworthy, ranging from about 1000 A (1000 angstroms) to about 1800 A. FIG- 
URE 3 illustrates the pore size distribution by volume for a catalyst used in the practice of the present invention. Addi- 
tionally, the sodium content of the catalyst should be maintained at a level less than about 50 ppm in order to facilitate 
the desired levels of transalkylation. 

40 In the process of the present invention, an excess of benzene to ethylene is normally maintained in the feed to the 
reactor, typically in the range of from about 2jjo20:1 moles be nzene to eth ylene, preferably between about 3:1 to 
16:1. Weight ho u rly space velocities are preferably in the range from about 20 to 150. Although reaction conditions 
employing temperatures from about 250°C. to about 500°U. may be utilized, more preferably the reaction is conducted 
within a range of from about 300°C. to about 475°C. 

45 The process of the present invention may be further illustrated by the following examples which are not to be con- 
strued as limiting the scope of the invention as hereinafter claimed. 

EXAMPLE 1 

so Ten milliliters of an aluminosilicate catalyst having a particle size distribution of between 20 and 40 mesh is intro- 
duced into a laboratory scale reactor. The catalyst has a crystallinity in the range of 76 to 93%, 64% monoclinicity, an 
average crystal size of 0.41 urn, a pore volume maxima at 1763 A and an Si/AI atomic ratio of 1 14. The catalyst is 
heated under nitrogen flow to 150°C overnight at ambient pressure to dry the"~catalysr. I he temperature is increased to 
200°C and benzene with 10% mixed polyethylbenzenes is introduced to the reactor at a rate of 1 1.6 mlVmin. The pres- 

55 sure is increased to 300 psig and the temperature raised to 400°C. After the temperature across the reactor bed has 
stabilized, ethylene is introduced at a rate of 1 mole per 10 moles of benzene feed. The test is run for 15 days without 
interruption. During the test, diethylbenzene (DEB's) concentrations in the feed and effluent from the reactor are meas- 
ured and the percentage of diethylbenzenes converted, based on the DEB concentration in the feed, is calculated. The 
ethylene feed is shut off periodically to determine the intrinsic diethylbenzene conversion rate. The results are set forth 
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in Table 1 below: 



TABLE 1 



15 



25 



35 



Test Dura- 
tion (days) 


% DEB's 
Converted 


% DEBs Con- 
verted Without 
Ethylene Feed 


1.0 


11.0 


21.8 


1.6 


8.2 


- 


2.0 


9.2 


21.2 


2.7 


9.0 


- 


3.7 


7.6 


- 


4.6 


8.7 


19.2 


5.0 


7.7 


- 


5.6 


7.4 


- 


6.0 


6.6 


- 


6.6 


7.4 


- 


7.0 


6.8 


- 


7.6 


4.7 


18.3 


8.6 


5.4 


- 


9.0 


4.5 


- 


9.7 


5.6 


- 


10.8 


5.0 




11.6 


5.0 


15.4 


12.0 


3.8 




12.6 


3.7 




12.9 


1.1 




14.0 


3.6 


16.5 


14.6 


2.8 


16.2 



The foregoing example illustrates the substantia] transalkylation activity afforded by the use of an aluminosilicate 
catalyst having a crystal size in accord with the process of the present invention. The following Comparative Example 
45 will further illustrate the advantages of the process of the present invention. 

COMPARA T IVE EXAMPIE 1 IQ c 

Ten milliliters of an aluminosilicate catalyst having a particle size distribution of between 20 and 40 m esh is intro- 
so duced into a laboratory scale reactor. The catalyst has a crystallinity in the range of 77 to 88%, 70% monodinicity, an 
average crystal size of 0.70 jim, a pore volume maxima at 3500 A and an Si/A) atomic ratio of 91 . The catalyst is heated 
under nitrogen flow to 200°C overnight at ambient pressure to dry the catalyst. The nitrogen flow is discontinued and 
benzene with 10% mixed polyethylbenzenes is introduced to the reactor at a rate of 11.6 ml 7m in. The pressure is 
increased to 300 psig and the temperature allowed to equilibrate at 400°C before introducing ethylene at a rate of 1 
55 mole per 10 moles of benzene feed. The test is run for 8 days without interruption. During the test, diethylbenzene 
(DEB's) concentrations in the feed and effluent from the reactor are measured and the percentage of diethylbenzenes 
converted, based on the DEB concentration in the feed, is calculated. The results are set forth in Table 2 below: 
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TABLE 2 



10 



20 



Test Dura- 
tion (days) 


% DEB's 
Converted 


1.0 


4.6 


1.6 


7.9 


2.0 


4.4 


2.6 


6.0 


2.9 


5.8 


3.6 


6.6 


3.9 


5.9 


4.6 


6.1 


4.9 


5.2 


5.6 


5.0 


6.0 


5.1 


6.7 


4.6 


7.7 


2.0 



25 



As can readily be observed by a comparison of the foregoing Examples, it is apparent that the use of an alumino- 
silicate catalyst having an overage crystal size of less than abou t 0.50 urn provides increase transalkvlation activity . yy* 
30 While the invention has been described in connection with the foregoing examples, it will be appreciated by the 
those skilled in the art that the invention is subject to variations and modifications which fall within the scope of the 
appended claims and which are intended to be covered thereby. 

Claims 

35 

1. A transalkylation process comprising: 

transatkylating polyalkylbenzenes produced during the alkylation of an aromatic hydrocarbon with an alkytation 
agent in an alkylation zone with an aluminositicate catalyst having an Si/AI atomic ratio in the range from 
40 between 50 and 500 and an average crystal size of less than about 0.50 urn under conversion conditions and 

recovering ethylbenzene from the reaction zone. 

2. The process of Claim 1 wherein about 90% of the crystals have a particle size of less than 0.70 pm. 

45 3. The process of Claim 1 wherein the catalyst has a maximum pore size in the range from about 1000 to 1800 A. 

4. The process of Claim 1 wherein the conversion conditions include a temperature of from about 250°C. to about 
500°C. and a pressure of from about 200 psi to about 500 psi. 

so 5. The process of Claim 1 wherein the aromatic hydrocarbon is benzene and the alkylation agent is ethylene and 
wherein benzene is alkylated with ethylene to produce ethylbenzene. 

6. The process of Claim 5 wherein the molar ratio of benzene to ethylene in the feed to the reaction zone is from about 
2:1 to about 20:1. 

55 

7. The process of Claim 1 wherein the catalyst contains less than about 50 ppm sodium. 

8. A transalkylation process comprising: 
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transalkylating polyalkylbenzenes produced during the alkylation of benzene with an alkyiation agent under 
conversion conditions in an alkylation zone with an aluminosilicate catalyst having an Si/AI atomic ratio in the 
range from between 50 and 500, an average crystal size of less than about 0.50 \im, and wherein about 90% 
of the crystals hav a particle size of less than 0.70 jim, the conversion conditions including a temperature of 
from about 250°C. to about 500°Q and a pressure of from about 200 psi, to about 500 psi. 

9. The process of Claim 8 wherein the alkylation agent is an olefin. 

10. The process of Claim 9 wherein the olefin is ethylene. 

11. The process of claim 10 wherein the molar ratio of benzene to ethylene in the feed to the reaction zone is from 
about 2:1 to about 20:1. 

12. The process of claim 8 wherein the catalyst contains less than about 50 ppm sodium. 

13. The process of Claim 8 wherein the conversion conditions include a temperature of from about 300°C. to about 
475°C. 

14. A transalkylation process comprising the steps of: 

supplying a feedstock containing benzene and polyalkylated benzenes with an alkylating agent to a reaction 
zone in a molar ratio of benzene to alkylating agent of from about 2:1 to about 20:1 and contacting the feedstock 
with an aluminosilicate catalys t having an Si/AI atomic ratio in the range from between 50 and 150, an average 
crystal size of less than about 0.50 ^m, a sodium content of less than about 50 ppm, and wherein about 90% of the 
crystals have a particle size of less than 0.70 jim, under conversion conditions including a temperature of from 
about 250°C. to about 500°C. and a pressure of from about 200 psi to about 500 psi and recovering ethylbenzene 
from the reaction zone; 

successively separating benzene, ethylbenzene and polyalkylbenzenes from the reactor affluent; 
recycling the polyalkylbenzenes to the reaction zone; and, 
transalkylating the recycled polyalkylbenzenes in the reaction zone. 

15. The process of Claim 14 wherein the conversion conditions include a temperature of from about 300°C. to about 
475°C. 

16. The process of Claim 14 wherein the alkylating agent is ethylene. 

17. The process of Claim 16 wherein the molar ratio of benzene: ethylene in the feedstock to the reaction zone is from 
about 8:1 to about 20:1 
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Amount of particles ( number %) 
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